Introduction
============

International air travel has become widely accessible and the International Civil Aviation Organization has forecast that scheduled passenger traffic around the world will more than double, from 2.7 billion in 2011 to 6 billion annually by 2030 \[[@r1]\]. This will increase the frequency of transmission of communicable diseases \[[@r2]\] such as influenza \[[@r3]\], measles \[[@r4]\], SARS \[[@r5]\] and particularly tuberculosis (TB) during air travel \[[@r6]\].

The World Health Organization (WHO) issued a guideline on TB and air travel in 1998, and the third edition was published in 2008 \[[@r7]\], recommending that member states should conduct contact investigations for close contacts of not only smear-positive but also culture-positive TB patients, if the index case was diagnosed with multidrug-resistant TB. However, the guideline itself acknowledges that the available evidence for the risk of TB transmission during air travel and outcome data from passenger contact investigations are limited and it calls for a coordinated international approach to research, data collection, analysis and dissemination to strengthen the evidence base for operational decision-making and policy development. Moreover, a systematic review on contact investigations associated with air travel in 2010 argued that the evidence for TB transmission in commercial aircraft is limited and that there is reason doubt the value of actively screening air passengers for infection with *Mycobacterium tuberculosis* \[[@r8]\]. A more recent systematic review on the subject did not find any further evidence of TB transmission and concluded that the risk of TB transmission aboard aircraft seems to be very low \[[@r9]\].

The challenges in estimating risk of contracting TB infection associated with air travel include the difficulty of obtaining the appropriate evidence: (i) Contact investigation for air passengers is often complicated by the unavailability or reluctance of the airline companies to share the flight manifest and by the unavailability of contacts. (ii) Contacts may have been infected with TB in the past, e.g. those born in countries with a high burden of TB. (iii) The specificity of tuberculin skin testing (TST) used in most contact investigations is low, leading to high positivity among the contacts, e.g. 24% in data from the United States Centers for Disease Control and Prevention (US CDC) \[[@r10]\].

In Japan, the TB notification rate has declined in the past six decades from 698.4 per 100,000 population in 1951 to 17.7 per 100,000 population in 2013 \[[@r11]\], which is equivalent to the rate in Poland (17.6/100,000) and Estonia (18.4/100,000) in 2014 \[[@r12]\]. However, 8,000 smear-positive TB cases are still reported every year \[[@r13]\] and more than 65% of those involve persons aged 65 years or older, reflecting the ageing population. Therefore, incidents in which infectious, particularly elderly, TB cases travel by air unaware of their infectiousness, are not uncommon. On the other hand, almost all children and young adults are estimated to be uninfected \[[@r14]-[@r16]\], therefore the positivity among children and young adults could be used as a surrogate marker for the risk of contracting TB in contact investigations. The local governments of Japan usually comply with the WHO guidelines and conduct contact investigations for contacts of smear-positive index TB patients associated with air travel. However, in Japan, no literature has been published on the contact investigations associated with air travel and the outcomes of contact investigations have not been reported.

Interferon gamma release assays (IGRA) can diagnose latent TB infection more sensitively and specifically than TST because TST also reacts to Bacillus Calmette-Guérin (BCG) vaccination and the interpretation of TST results is likely to be ambiguous where BCG vaccination coverage is high \[[@r15]-[@r18]\]. Two IGRA are currently available in Japan, the T-Spot TB (T-SPOT; Oxford Immunotec, Abingdon, United Kingdom) and the QuantiFERON-TB Gold In-Tube assay (QFT-GIT, Qiagen, the Netherlands), and they are widely used in contact investigations, including those associated with air travel \[[@r19]\].

We conducted a questionnaire survey on air travel-associated TB contact investigations in the local health offices of Japan from 2012 to 2015, focusing on IGRA positivity among the contacts. The purpose of the study was to estimate the risk of TB transmission associated with air travel, particularly using the IGRA positivity among children and young adult contacts as the outcome indicator.

Methods
=======

Case definition for contact investigation associated with air travel
--------------------------------------------------------------------

An incident of infectious TB involving air travel was defined as an event in which the WHO guidelines for initiating contact investigations were met \[[@r7]\] and in which the local health offices decided to undertake an investigation. Events with an index case with smear-negative TB or unknown smear status, or with a flight duration shorter than 6 hours were excluded. Since in most of the contact investigations, only the flight time was available but not the ground delays after boarding or after landing, we decided that a flight duration of 6 hours or more would meet the definition of the total flight duration of 8 hours or longer stipulated in the WHO guideline.

Contact investigations of tuberculosis contacts in Japan
--------------------------------------------------------

The practice of contact investigations of TB contacts in Japan is similar to that recommended elsewhere \[[@r20]\]. Briefly, once a TB case is reported to a local health office by a physician, a public health nurse of the health office where the patient lives visits the patient to conduct an interview about contacts. When the case is smear-positive, the health office initiates a contact investigation (initiator health office). When a contact is a resident of another health office\'s jurisdiction, the initiator health office requests the health office at the residency (implementer health office) to conduct health screening for the contact on its behalf. When a ministry of health of a foreign country requests the national TB programme (NTP) of Japan to conduct a contact investigation associated with air travel for a Japanese resident, the NTP asks the health office of the contact\'s residence to conduct health screening. The health screening usually involves IGRA tests and, if indicated, a chest X-ray.

In contact investigations associated with air travel, the initiator health office usually obtains information from the airline company on seating positions of the index case as well as the contacts who were seated in the two rows in front of and behind the index case and on the contact details of the contacts. It then sends letters to the health offices where the contacts live to request health screening. When a contact is a resident of a foreign country, the initiator health office normally asks the NTP of Japan to coordinate the investigation with the ministry of health of that country.

Data collection
---------------

In November 2015, we sent a questionnaire to all 486 local health offices in Japan and asked whether they had conducted contact investigations associated with air travel from 2012 through October 2015. Those who conducted contact investigations as either an initiator or an implementer health office, or both, were further asked about the index cases and the outcomes of the contact investigations via a structured questionnaire. The data collection was conducted from late November 2015 through March 2016.

Data collected included characteristics of the index case (age group, sex, smear test result, presence of cough at diagnosis and a brief description of chest X-ray shadow), the boarded flights (flight numbers, destinations and duration), outcomes of the contact investigation, particularly the number of the eligible contacts defined as those who were on two rows in front of and behind the index case, the number of contacts screened for TB, including the number of the contacts with IGRA, and how many were positive in the IGRA. Those contacts who also had contact with the index case outside the airplane, such as family members or travel companions, were excluded.

Data entry
----------

The data on the events were entered into Microsoft Excel. The events reported both from the initiator and the implementer health offices were sorted by the date of the flight, the flight number or the airline company, and the destination. When we found duplicated events, only the data reported from the initiator health offices were used. The events with unknown flight dates, unknown flight numbers or airline companies or unknown destinations were excluded.

Data analysis
-------------

The investigated contacts were pooled and classified by age groups, and the positivity was calculated as a whole, by age under 35 years and by age groups.

Statistical tests
-----------------

A binomial estimation of the 95% confidence intervals (CI) was performed using R software (Version 3.01, The R Foundation for Statistical Computing, Vienna, Austria) to compare the IGRA positivity between the age groups.

Results
=======

Of the 486 local health offices of Japan, 451 (93%) responded. [Table 1](#t1){ref-type="table"} shows the overview of the questionnaire survey. A total of 17 health offices reported that they took the lead in one or more of the contact investigations on 19 index TB patients who boarded airplanes between February 2012 and September 2015. The median duration between the dates of the air travel and the TB diagnosis of the patients was 1 month, ranging from 1 to 4 months. The total number of eligible contacts the initiator health offices reported, excluding those who had contact with the index cases outside of the airplanes, was 942, of whom 574 (61%) were screened for TB and 523 (56%) had IGRA test results available. Six eligible contacts declined TB screening. Thus, the response rate (the sum of those who were screened and who declined, divided by the number of eligible contacts) was 62%. An additional 70 health offices reported that they implemented the contact investigations for one or more of the contacts of 23 index TB patients (requested by foreign countries and the health offices that did not respond in our study) and provided IGRA test results on 128 contacts.

###### Results of questionnaire survey on tuberculosis contact investigations among air passengers, Japan, 2012--2015 (n = 651 IGRA-tested)

  Reporting health offices                               Initiator health offices^a^   Implementer health offices^b^
  ------------------------------------------------------ ----------------------------- -------------------------------
  Number of health offices reported                      17                            70
  Number of index TB cases                               19                            23
  Number of flights involved in contact investigations   35                            27
  Median duration of flights in hours (range)            11 (6--12)                    10 (7--12)
  Number of eligible contacts^c^                         942 (100%)                    unknown
  Number of eligible contacts reached^d^                 580 (61.6%)                   unknown
  Number of eligible contacts screened for TB            574 (60.9%)                   unknown
  Number of eligible contacts tested with IGRA           523 (55.5%)                   128

IGRA: interferon gamma release assay; TB: tuberculosis.

^a^ Initiator health office: the health office that initiated the contact investigation.

^b^ Implementer health office: the health office that implemented health screening for the contacts at the request of the initiator health office.

^c^ Those contacts who had contact with the index cases outside the aircrafts were excluded.

 ^d^ Number of eligible contacts reached is a sum of the number of eligible contacts screened and the number of eligible contacts who declined being tested.

Of the total 651 contacts, 25 (3.8%; 95% CI: 2.5--5.6) were positive for IGRA ([Table 2](#t2){ref-type="table"}). Among 205 contacts aged 0--34 years, two (1.0%; 95% CI: 0.12--3.5) were positive for IGRA. All of the 651 contacts were resident in Japan, however, details on their nationality were not known. The Cochran--Armitage test revealed that there was a statistically significant increasing trend towards a correlation between age group and positivity of IGRA test results (p \< 0.0094).

###### Positivity of interferon gamma release assay among tuberculosis contacts during air travel, by age groups, Japan, 2012--2015 (n = 651)

  -----------------------------------------------------------------------------------------------------------------
  Age group (years)   Contacts investigated   IGRA-positive contacts   IGRA positivity (%)^a^   95%\      95%\
                                                                                                LCL       HCL
  ------------------- ----------------------- ------------------------ ------------------------ --------- ---------
  0--14               20                      0                        0.0                      0.0       16.8

  15--24              46                      1                        2.2                      0.0       11.5

  25--34              139                     1                        0.7                      0.0       3.9

  35--44              140                     3                        2.1                      0.4       6.1

  45--54              115                     6                        5.2                      1.9       11.0

  55--64              86                      6                        7.0                      2.6       14.6

  65--74              70                      7                        10.0                     4.1       19.5

  75--84              13                      0                        0.0                      0.0       24.7

  Unknown             22                      1                        4.5                      0.1       24.7

  **Total**           **651**                 **25**                   **3.8**                  **2.5**   **5.6**
  -----------------------------------------------------------------------------------------------------------------

HCL: higher confidence limit; IGRA: interferon gamma release assay; LCL: lower confidence limit.

^a^ A Cochran-Armitage test revealed there was a statistically significant increasing trend between age group and positivity of IGRA test results (p \< 0.0094).

For eight contacts with negative IGRA test results reported by the implementer health offices, the information on flight date, flight route or flight number was not available, and we were unable to cross-check this with the information from the initiator health offices. Thus, we excluded the eight contacts from the database.

No contact developed TB disease after contact with a TB case on an airplane.

Discussion
==========

We conducted a questionnaire survey on air travel-associated TB contact investigations conducted in Japan. We found that 3.8% of the contacts had positive IGRA test results, with the positivity among the child and young adult contacts being 1.0%, which is almost equivalent to the IGRA positivity in Japanese medical students with no previous risk of TB infection (0.85%) \[[@r15]\] and in healthy university students (0.90%) \[[@r16]\]. This suggests that the risk of contracting TB infection associated with air travel is minuscule.

This level of risk is consistent with published data (0--4%) from 1993 to 2008 \[[@r10],[@r21]-[@r23]\] but much lower than the risk reported in the early 1990s (30%) \[[@r24],[@r25]\].

There was a statistically significant increasing trend of IGRA positivity with older age. This might reflect accumulated TB infection in the past \[[@r26],[@r27]\], particularly in the 1950s and 1960s when the TB notification rates in Japan were higher than 150 per 100,000 population \[[@r28]\], rather than recent TB infection associated with air travel. Even in the late 1970s, the TB notification rates were higher than 60 per 100,000 population \[[@r28]\]. We therefore believe that it is reasonable to exclude those aged older than 35 years when analysing the risk of TB associated with air travel in our study.

The reason why the risk of TB infection associated with air travel is minuscule is that most commercial aircrafts used for long-distance flights have installed good ventilation systems with air exchange rates of more than 10 times per hour \[[@r29]\] and HEPA filters \[[@r30]\], which are equivalent to the requirements for isolation areas of healthcare facilities in the US \[[@r31]\], reducing the risk of TB infection during air travel. We have collected the IGRA test results of more than 600 passenger contacts, enabling us to stratify them into age groups and analyse the data of the age group of 0--34 years-olds, who are least likely to have been infected with TB before the relevant air travel.

In addition, since the positivity of IGRA was used as the main outcome indicator for the contact investigation, the data we report here were more sensitive and specific than those obtained using TST, particularly for areas where BCG vaccination coverage is very high. As we obtained information on contact investigations of TB associated with air travel from almost all the health offices of Japan and included in this study, we believe that these data are representative of the risk of contracting TB infection during air travel to and from Japan.

However, our study has some limitations: Since most health offices did not conduct the IGRA tests for the contacts immediately after the contact with TB cases, we were not able to calculate conversion rates. Considering the delay between contact with a TB case, diagnosis of the TB case and initiation and implementation of the contact investigation by different health offices, we believe it would be next to impossible to conduct the first IGRA tests within two or three weeks of contact with a TB case, and thus this limitation is practically unavoidable.

Although we assumed that contacts younger than 35 years were almost naïve to TB infection before the relevant air travel, this may not have been the case. Combined with the unavailability of the IGRA conversion rates mentioned above, we may have overestimated the TB risk associated with air travel. However, considering the low IGRA positivity (1.0%) among children and young adult contacts, we believe the main conclusion would not change.

Because the study was a questionnaire survey administered to the health offices of Japan, it has additional limitations. Some health offices may not have reported having conducted air travel-associated contact investigations and thus may not be listed in our database. However, because we employed an inventory method to collect information on the contact investigations from both the initiator and the implementer health offices, including the central NTP unit, we believe that we have done our best to obtain an almost complete picture on air travel-associated contact investigations conducted in Japan.

The information some implementer health offices provided was incomplete and therefore excluded from the database, leading to a possible bias. However, considering that only eight contacts were excluded and that all of them were negative in IGRA, the potential bias is small and the IGRA positivity may be overestimated, but not underestimated. Finally, it should also be noted that the authors do not know the quality of IGRA tests conducted for the contacts at each health office.

From our findings, we believe that the WHO could narrow the criteria for initiating air travel-associated contact investigations to, for example, only smear-positive TB, as is recommended by the European Centre for Disease Prevention and Control (ECDC) in the risk assessment guidelines for infectious diseases transmitted on aircraft (RAGIDA) related to TB \[[@r32]\]. As the ECDC guideline further recommends, the infectiousness of the index case, such as transmission to household members or other close contacts, should be considered before initiating air travel-associated contact investigations \[[@r9]\]. As modelling studies suggest, the risk of contracting TB infection on an aircraft varies from low to moderate and is highest in the rows closest to the index case \[[@r33]\]. Limiting the contact investigation to fewer passengers (within two seats surrounding the index case, rather than two rows) in the case of wide aircraft with many seats per row seems reasonable \[[@r9]\]. Countries with a high burden of TB should prioritise other, more important, activities \[[@r8]\].
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